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Particle Swarm Optimization — PSO .3.3

an7pa.3.3.1
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PSO an m13o8a 2%31»9%01 nm7as.3.3.2

WOMY D301 ,K87 9702 I ,7°277 DY NI TIRD DYA 1912 U01I-707 1107 2NN

YTV DY TIRG 2173 2772 NI
.min f :R" — R 77307 X7 77007 D°¥p0
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2 A9 pPonw anra v T o - ge R o

so9a57 PSO ansabx.3.3.3

LN 2PN PIMNR P92

wai=1...Spphn 9 Mmay

vI,X ~U (b b ) TR JDIR2 APDNNT TIRAITIN LRI QY PPRT DO DR DN

lo* ™up

MIN5T 27 2w nnnm 11°2via (boundaries) m71axt o by, by,

lo?
L Py <= X, PNRANTT MR NAR PAPOT P NP2 2107 DIPAT DR 2NN

.g < P, 999n 2 2w o nx Ty ik f(p, )< F(g) ox

v, ~U(-b,, b

up lo

b

- bIo

up

STYNIN PI9a
:("121 IR ARYIN QY PND L NPXIVIR D) KRN R TRY PIW0P T DO pRa

wxai=1...Sppon 5 Mmay

) :POP9TI M DR 9NNX .

A1

1.2
1.3

1.4

2
2.1

*dis for dimension® :pxad=1..nn %>y .2.1.1

*p is for particle. g is for global* r,,r, ~U(01) anpn 2751.2.1

#7700 72077 N 2w PR aTF R M DR pTv.2.1
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Vig € @-Vig +@, -, '(pi,d —Xig )"'(Pg Ty '(gd _Xi,d)
X = X 4V Pt o nR Ty 2.1.2
oy f(x )< f(p)ax .2.1.3
P, < X, PPPRMA W INTA 200 DIpna IX P7.2.1.3.1

.g < p, W2 0R 99 o nr 7Y e f(p, )< f(g) ox.2.1.3.2

.gnxama 3

TVIID — PO DWW N1 19Ty nnev.3.3.3.1

20 an (speed) 27 o3 72w 1P ,(velocity) *mupni 7321ma Mo aray,
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2w DOMIT MR DR WY A0 72 0700 - @ NPT MR MW 00 - @+ VvV, e
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O MY DOPOPLNY oM MAX PRINR 07pn L(exploit) "pxa" wA (explore) "pn"

D73 VP TPXILR DTPR L,NRT DAY MR DICLDINA "YpneaR" onn vIm 3max maan
721727 NN N2°20 DR MY N2 HXI% 077 WORAY 772 N1 LRY Y1 2P
079K

PPN 2w NINRT NP2 207 DPRT I M - @, T, -(pi — xi) o
(1172 IMIR? N 7M2x MR € N 1T paan) P o up - (pi - xi) o
PPN MR 9 y0w P oponw AXM A2 AT - @, O
PPN MR 5y P nyswn YW ooRmTIN oI - 1, o

N2 2107 79957 DR R P02 MR 000 - @ - T -(g - xi) o
(P2 IMIR? N AR MR € N T Pn) g 2 MR - (g - xi) o
PPN MR 9y 30w g DR A A AT - @ O
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Multigrouped PSO - MGPS0O.3.3.4
XI5 0121272 MR D787 WK NPt PSO anniaora vinw Yw nnTpnn ap°10v x5 MGPSO

D°IDIR-N127 NPXPND HY T71na 22w MGPSO .n7712 DR 7812 2°9K81°09IR NI1ND 1907
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YR HW 0921730 DIR0DIRD
02

)15,

.[9] Tinn .2°19IR N2 OXPND YW MNAND ann Yw awnng — 3.3.4.1 IR
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IPIW NN 17 OORNAIAT VRO WA ONDDT D20797 T DR RIXNAT? 77022 IR 11900

1279 QN IR WD HY 772 92p% 791 ,PSPLIB 01902 R¥p1w 2012 2057 70 nnwnb

MIRXINA
known min Run
POM min found No. Algoritm nwn
89.89% 80 89.00 1 PSO j1203 1
100.00% 88 88.00 1 PSO j1203 2
98.04% 100 102.00 1 PSO j1203 3
85.54% 71 83.00 1 PSO j1203 4
91.30% 84 92.00 1 PSO j1203 5
100.00% 102 102.00 1 PSO j1203 6
96.88% 93 96.00 1 PSO j1203 7
89.53% 77 86.00 1 PSO j1203 8
100.00% 86 86.00 1 PSO j1203 9
100.00% 103 103.00 1 PSO j1203 10
std dev | average
POM 5.49% | 95.12%

AN PR qwnn DRn PSO nxan mkxin — 8.1 avav
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827 7182 POM nR 112won oysi .0°x: 10 7% POM 7112 wnnwn ar 77pn2 o3

QN IR > MR MRING . PSPLIB n»1oon npb1 length . qwxs , POM, = length,,
length.

1"V NROXA W 77PH2 U22OPW NIRRING 2 P°0IR W 19 23 09w K7 00 DX ,1°20 W HYa X1

9% 702077 270 722 W1 ,70 OX .(¥°N97 19INA KPW) NPHRMDOLDINT NMIRXINT K7 17 791°00117

5w 1PM?12° 190w .POM-7 7722 0203707 DA DR YW 98T ,210 DR XY IR L9

Swnn pnnY ®w nna 2120 PSO-1 ansaoR

LW ORIPRT QNPNAIRT DWW 0"y DYDY Mo? 1001 '3 + '2 09902 MNounT MAvwnn oy

M%7 0¥ TR0 IR N5 L,(0DR AT IR/A) RIPR AT Myenrka RDTP nx 0o opnaw 12

MY YR 50w MW DR 27 27 ORIPR W RCPSP -7 0o . nwn > 5w 1onK

171279 120 5w MNWAn AR DY 0IWD;T ORIPRT aNDAIRT YW mwTing

Original Simple Random

POM-NPV|Max NPV| NPV Run No. | Algoritm nun
| Std. dev | Average | 42.09% | 9.462.93 | 3.982.52 1 S-Random ]1203 10
| 5.03% | 3864% | 39.01% | 946293 |[3.691.84 2 S-Random

41.86% | 946293 | 3,961.19 3 S-Random

36.21% | 946293 | 3.426.21 4 S-Random

39.74% | 946293 | 3.,760.10 5 S-Random

48.22% | 9.462.93 | 4,562.80 B S-Handom

37.75% | 946293 | 3.572.08 7 S-Random

33.58% | 946293 | 3.177.89 B S-Random

38.29% | 9462 93 | 3.623.21 g S-Random

29.69% | 946293 | 2.809.59 10 S-Random

Modified Simple Random
POM-NPV|Max NPV| NPV | Run No. | Algoritm v

| Std. dev | Average | 92.07% | 9.462.93 | 8.712.96 1 5-Random 11203 10
| 259% | 9147% | 9282% | 9.46293 | 8.783.79 2 S5-Random

91.22% | 9.462.93 | 8.631.99 3 S-Random

90.09% | 9.462.93 | 8.525 45 4 S-Handom

894.70% | 9.462.93 | 8.961.46 b S-Handom

90.02% | 9.462.93 | §.515.48 B S-Handom

58.98% | 9.462.93 | §.411.02 7 S-FHandom

89.10% | 946293 | §.431.91 B S-Handom

89.16% | 946293 | §.436.94 g S-Handom

96.58% [ 9.462.93 | 9.139.75 10 5-Random

P19 11 DY MW YTV YW IR M SR avewaa nna — 8.2 ahav

1WA INRY aNNAORT MIRYIN 70R7 7PN 2N AR MIRYIN hvab

UM MW 2TV PV TR M1 S1IP0NT 1WA MR NP2 SMYAwn M9 NIRID NIRYINT
IOR OR{T I9RWT NPRWI ,ORIPR RW1 RDTP 2w XX 17101 11 .0p"1095 1" DR 79pn
DOWORT KX 21N oW 727 2O NIIMTRT URIPOR RAW IR IOV AYOWS KXIAT AT

27w TV W AR MY NAN LT 207
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Modified Simple Random + modified j1203 10

POM-NPV|Max NPV| NPV Run No. | Algoritm nun
| Std. dev | Average | 91.63% [10.984.00[10.065.14 1 S-Random ]1203_10
| 4.03% | 88.01% | 90.65% [10.984.00] 9.956.53 2 S-Random

85.49% |10.984.00) 939047 3 S-Random

83.71% |10,984.00) 9.194.90 4 S-Random

93.92% |10,984.00|10,316.47 5 S-Random

84 26% |10,984.00) 9,255 22 B S-Random

g4.40% |10,984.00) 9.270.10 7 S-Handom

54 40% |10.984.00) 9.270.10 B S-Random

93.12% |10,984.00|10,228 04 g S-Random

55.54% |10,984.00) 9.724.93 10 S-Random

0197 1"V DY MW TN D TAR M 4 NIMnvIp vXIYR DN S ayownn nrna — 8.3 193y

RYMIW S9RNO0277 1MW) N 20 AN DW IR TIWOR QPXIPRT NN0AW 77N 1YY nu1a

-7 NOOR D 79V KD NITIWNT DwAR wInn 7va X3n1 Max NPV nminva a9 nnobn

17 ,79IWNT VWD SRIAPRT NN DWW ND12°2 7230 0°XIPOKT N0 02 kAL 1001 .PSO

20m17 7030 300 PSO-17 on™MioKR R .90 N1P2pYa NN 101 19w MNNNDT ¥XInn Nnan

PS0 + modified j1203 10

POM-NPV|Max NPV| NPV | Run No. | Algoritm v
| Std dev | Average | 98.72% 10,984 00[10,843.00 1 PS50 11203 10
| 0.99% | 98.43% | 100.00% [10,984.00]10,984.00 2 PS50

88.11% [10,984.00(10,776.71 3 PSO

98.79% [10,984.00(10,850.84 4 PSO

87.90% [10,984.00(10,753.18 5 PS0

99.94% [10,984.00(10,976.86 B PS0O

87.76% [10,984.00(10,737.65 7 PS0

87.37% [10,984.00(10,695.58 B PS50

98.67V% [10,984.00{10,838.10 g PS50

87.08% [10,984.00(10,663.38 10 PS50

.PSO-77 an 1398 Dy n1MInvTR SX19R 28R SW avewna nena — 8.4 177av

277 79 DR MIPONT LK X7 72WNT NIDTIWAT DWW MR 9y PSO nixaa Sw 9" oaTan o'y

SANITIAPR NIIIIND SPRINM P2 MIIWT NIVPAD RO2N NITRIT TV DR TMIRT MPIT LN

PSO-;7 anibR maans 1ab aapan

LDOWPI NITD NINAYTRIT ORIDORY Boo mavp 't nyswnn .2
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AW TN PR TR INID 2¥2 NPAY CHRPOVDING NINDT 5V YD 2OYon 7072 PUITI00 Twnn
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LI AORWT Y NAYY 073 29T I YRR 200 WK T 7123 DI YA O A9RWT NYRWI .70
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(NIRRT IR NN NIDTIWAT DWIT PV 1TV RO AX0) 7272 010 10 0739 AN

Modified Simple Random + modified j1203_10 + low penalty
POM-NPV|Max NPV| NPV | Run No. | Algoritm v
| Std dev | Average | 8254% |11.567.80] 9.547.54 1 S-Random 11203 10
| 294% | 8457% | 86.03% |[11,567.80] 9.951.23 2 5-Random
§5.57% [11.567.80] 9.698.18 3 S5-Random
§3.50% [11.,567.80| 9.658.70 4 S-Random
§3.26% [11.567.80| 9.630.96 5 S-Random
§5.95% [11,567.80 9,942.57 B S-Random
85.83% [11.567.80] 9,928.63 7 S-Random
88.56% [11,567.80(10,244.78 B S-Random
86.56% [11,567.80(10,013.33 g S-Random
77.92% [11.,567.80] 9.013.18 10 5-Random
PS0 + modified j1203_10 + low penalty
POM-NPV|Max NPV| NPV Run No. | Algoritm nun
| Std_dev | Average | 98.49% |11.567.80]11.393.42 1 PS0 ]1203_10
| 112% | 98.13% | 97.51% [11.567.80]11.280.03 2 PS0O
87.22% [11.,567.80(11,246.59 3 PS0
99.99% [11,567.80(11,566.90 4 PS50
897.29% [11,567.80(11,253.93 5 PS50
87.01% [11.567.80(11,221.82 B PS50
87.97% [11.567.80(11,333.03 [ PSO
87.27% [11.567.80(11,251.69 B PSO
98.55% [11.567.80(11,399.78 g PS0
100.00% |11,567.80]11,567.80 10 PS0O

OUITIVO 0T WA 3N ¥ DIPN NPT + NMINATR XIR DIRNY KW AvOwan N — 8.5 7%av
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ANINN AT TIYANAN 0A0a NeFYen NTNn 1T
Start Times: ['Ei:[@']J 1:[@], 2:[@®], 3:[@], 4:[1], 5:[23], &:[18], 7:[25], 8:[33], 9:[3], e e @ ]

OO0 AT NIVANAD 00D D7Uen 01'o 1t
Finish Times:[@:['ﬁl]J 1:[8], 2:[18], 3:[1], 4:[3], 5:[33], 6:[18], 7:[31], 8:[42], :[4], 0 @ @

Strain Graph for resource 1: (time of change in brackets)
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(--:«z(a) --3@(1) -->2(8) --»18(10) -->12(14) -->11(17) -->9(19) --218(25) --3>B(28) --39(31) -->12(48) -->11(42) -->10(45) ¢ ¢ @ j
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Strain Graph for resocurce 2: (time of change in brackets)
XX X 14
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-->8(@) -->2(3) -->8(4) -->7(8) -->8(16) -->11(17) -->13(18) -->11(22) -->7(25) -->B(27) -->18(28) -->12(34) -->6(35) -->18(37) ¢ ¢ &

Strain Graph for rescurce 3: (time of change in brackets)
KK x 17
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OO0 x 20000 KK 200000 14
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20000 XOOOOO0O00C, 5
E
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-->7(8) -->13(1) -->8(18) -->15(16) -->9(18) -->14(23) -->17(24) -->18(26) -->16(27) -->15(33) -->16(35) --313(42) e e e

Strain Graph for rescurce 4: (time of change in brackets)
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| X 8
| JOOOOOO X 20000 XX X000 7
| X JOOO0K 5
| 0K X 4
| X} 000 X 3
| 1

-->3(@) --»18(1) -->3(3) -->8(8) -->6(18) -->7(14) -->11(18) -->1@(23) -->7(27) --»9(28) -->13(33) -->12(34) -->4(36) e e @
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. POM 771 9% .mamnoi swxinn
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>"no nriyes 120 nri'ye 90
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3.08% 3.04% 3.01% L-Random
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7.58% 6.18% 8.62% G-prophet
17.44% 12.24% 19.94% S-Random
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PRRa NN 9D 18 BY 1R 21%0RRT NINSIN nhaw — ' noel

RPR
. PSO-11 on»io%x — PSO
.(Greedy by Prophet) m>>wa17 77w 9% 117 an a1 — G-proph
.(Greedy by Length) m o5 qwn *5% 177 anuoxn — G-length
.(Large Random) 2r177 *XpRi1 an»aoxn — L-Random
.(Simple Random) vws:1 *x PR an o7 — S-Random
. POM-7 113 202775 00200205 9722w 707 NN 1202 2787 Y%7
MAX
NPV S-Random | L-Random | G-length | G-proph PSO nvn
11,185.78 5,854.43 10,497.49 9,528.47 | 8,095.08 | 11,185.78 | j1201_1
17,199.59 | 10,953.32 16,627.17 | 14,143.36 | 14,439.87 | 17,199.59 | j1201_10
16,413.33 9,086.10 15,041.99 | 12,356.07 | 14,330.93 | 16,413.33 | j1201 2
8,337.22 1,139.96 8,165.30 6,145.86 | 6,200.75 | 8,337.22 | j1201_3
7,302.66 1,261.16 6,895.77 5,342.76 | 5,888.38 | 7,302.66 | j1201 4
18,518.30 | 11,278.63 17,921.37 | 16,730.42 | 17,079.69 | 18,518.30 | j1201_5
9,897.03 3,054.26 9,673.03 8,059.93 | 9,621.98 | 9,897.03 | j1201 6
9,663.03 3,318.58 9,051.27 6,399.00 | 7,270.08 | 9,663.03 | j1201 7
10,625.93 4,854.82 10,625.93 8,470.46 | 8,650.17 | 10,587.78 | j1201 8
9,996.73 4,520.06 9,479.54 7,356.87 | 7,924.17 | 9,996.73 | j1201_9
13,783.95 5,722.87 13,336.56 | 11,078.13 | 12,005.91 | 13,783.95 | j1202_1
13,594.63 7,227.82 13,136.13 | 11,691.34 | 11,455.20 | 13,594.63 | j1202_10
12,499.75 4,891.61 11,964.53 | 10,416.26 | 10,201.63 | 12,499.75 | j1202 2
14,345.88 9,065.49 13,846.28 | 12,830.08 | 12,359.89 | 14,345.88 | j1202_ 3
18,477.23 | 10,060.06 17,874.95 | 16,246.13 | 15,239.45 | 18,477.23 | j1202_4
6,189.34 1,690.45 5,677.46 5326.42 | 5,581.12 | 6,189.34 | j1202_5
14,766.79 8,348.33 14,531.38 | 13,147.20 | 12,741.92 | 14,766.79 | j1202_6
15,135.27 6,938.84 14,690.27 | 12,408.16 | 12,514.85 | 15,135.27 | j1202 7
12,207.47 4,354.42 11,902.94 | 11,277.58 | 10,115.61 | 12,207.47 | j1202_8
7,108.33 1,514.93 7,028.27 6,147.77 | 6,261.04 | 7,108.33 | j1202_9
19,119.64 8,579.32 18,503.73 | 15,608.30 | 17,671.18 | 19,119.64 | j1203 1
9,462.93 3,373.97 8,873.40 8,338.54 | 9,064.80 | 9,462.93 | j1203 10
17,267.68 5,971.55 16,540.67 | 16,151.29 | 14,823.50 | 17,267.68 | j1203 2
13,821.88 6,899.61 13,608.82 | 13,301.52 | 12,424.80 | 13,821.88 | j1203 3
21,022.73 9,342.18 20,581.33 | 19,690.14 | 18,450.24 | 21,022.73 | j1203 4
20,940.29 | 10,848.20 20,465.12 | 17,820.16 | 19,060.72 | 20,940.29 | j1203 5
9,514.04 2,540.80 9,416.70 7,535.52 | 8,151.48 | 9,514.04 | j1203 6
14,923.35 6,481.19 14,863.08 | 13,115.80 | 13,692.80 | 14,923.35 | j1203 7
21,171.46 | 11,240.48 20,712.13 | 19,084.36 | 18,684.02 | 21,171.46 | j1203_8
9,145.90 1,640.58 8,968.13 7,805.20 | 8,820.36 | 9,145.90 | j1203 9
11,957.24 7,041.95 11,639.33 | 10,199.94 | 7,261.13 | 11,957.24 | j901_1
6,532.64 1,612.60 6,186.43 5,390.82 | 4,755.10 | 6,532.64 | j901 10
16,262.93 | 10,652.77 15,726.47 | 13,149.36 | 15,053.26 | 16,262.93 | j901_2
8,526.74 4,059.23 7,990.94 6,952.08 | 8,280.37 | 8,526.74 j901_3
9,823.45 6,650.57 9,609.57 6,226.16 | 7,698.74 | 9,823.45 j901_4
20,707.00 | 14,386.21 19,840.03 | 18,994.54 | 17,644.48 | 20,707.00 | j901_5
11,583.86 7,281.54 11,210.07 9,519.38 | 10,222.73 | 11,583.86 | j901_6
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MAX

NPV S-Random | L-Random | G-length | G-proph PSO nvn
15,354.04 9,586.08 15,114.19 | 11,936.72 | 12,891.50 | 15,354.04 | j901 7
11,367.26 7,785.44 10,782.13 9,384.77 | 8,685.43 | 11,367.26 | j901_8
15,537.64 | 10,011.86 15,333.60 | 13,597.17 | 13,678.72 | 15,537.64 | j901_9
7,991.04 3,875.85 7,749.90 7,458.60 | 7,265.94 | 7,991.04 | j902_1
14,592.62 9,361.41 14,388.81 | 13,359.87 | 12,542.61 | 14,592.62 | j902_10
8,442.53 4,773.86 8,195.99 7,901.43 | 8,442.53 | 8,359.58 | j902_2
8,288.18 3,851.34 8,176.62 7,683.21 | 7,997.17 | 8,288.18 | j902_3
18,339.02 | 12,287.44 18,159.26 | 16,537.18 | 17,343.95 | 18,339.02 | 902 _4
17,551.61 | 12,041.80 17,202.36 | 16,506.93 | 15,929.20 | 17,551.61 | j902_5
3,787.64 -322.68 3,5677.93 3,306.72 | 3,348.78 | 3,787.64 | j902_6
8,703.71 4,733.66 8,479.41 7,217.40 | 6,797.61 | 8,703.71 | j902_7
11,186.65 6,589.37 11,147.00 9,655.89 | 10,332.41 | 11,186.65 | j902_8
13,335.91 8,651.69 13,335.91 | 11,252.01 | 11,917.73 | 13,255.85 | j902_9
7,241.02 2,550.08 7,055.93 6,845.29 | 6,797.91 | 7,241.02 | j903 1
12,572.03 5,912.49 11,972.19 | 11,613.04 | 11,050.93 | 12,572.03 | j903_10
5,656.97 1,347.54 5,626.50 5,143.81 | 5,157.06 | 5,656.97 | j903 2
7,988.88 3,179.59 7,699.41 7,988.88 | 7,840.39 | 7,884.10 | j903_3
12,152.73 8,373.99 11,972.83 9,996.34 | 11,664.26 | 12,152.73 | j903_4
11,603.13 7,387.18 11,174.29 | 11,476.66 | 10,708.60 | 11,603.13 | j903_5
9,619.65 3,720.70 9,458.88 8,212.52 | 9,575.81 | 9,619.65 | j903_6
17,680.04 | 12,531.97 16,903.63 | 16,119.91 | 15,680.94 | 17,680.04 | j903_7
15,065.10 9,558.65 14,741.34 | 14,810.23 | 14,342.91 | 15,065.10 | j903_8
15,066.43 6,945.11 14,766.39 | 14,578.86 | 14,143.33 | 15,066.43 | j903_9
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